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doi:10.1016/j.kjms.2011.11.006Abstract In colonoscopy, the question of when and how to use carbon dioxide (CO2) insuf-
flation remains uncertain. Inspection for the pathological changes during colonoscopy takes
place during the withdrawal of the scope. This study aimed to determine whether CO2 insuf-
flation only at the withdrawal of the colonoscope has an effect comparable to that of CO2
usage throughout the course of the procedure. Symptomatic patients were randomized in
three groups: (1) patients given air insufflation (A; nZ 33); (2) patients given CO2 insufflation
only at the time of scope withdrawal (CW; nZ 33); and (3) patients given the CO2 insufflation
(C; nZ 34) for the whole course of the colonoscopy. Patients were requested to answer ques-
tionnaires about their pain score during, at the end, and 1 h after the colonoscopy by using
a pain numerical scale ranging from 0 to 10. The disparities of the pain score were noted
at the end of the procedure and 1 h after the procedure (p Z 0.026 and p < 0.001, respec-
tively). We further analyzed the scores between two of the three groups. Both CW (vs. A;
procedure end: p Z 0.012, 1 h after: p Z 0.001) and C (vs. A; procedure end: p Z 0.072,
1 h after: p < 0.001) showed less postprocedure pain when compared with the group A.
The pain score between CW and C were similar at each time segment (procedure end:
pZ 0.555, 1 h after: pZ 0.491). CO2 insufflation merely at the withdrawal of the colonoscope
improved postprocedural abdominal discomfort and the effect was not inferior to that of full
course CO2 insufflation.
Copyright ª 2012, Elsevier Taiwan LLC. All rights reserved.astroenterology, Department of Internal Medicine, Yuan’s General Hospital, 162 Cheng-Gong 1st Road,
om (W.-H. Hsu).
vier Taiwan LLC. All rights reserved.
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Carbon dioxide (CO2) has been shown to reduce post-
colonoscopy abdominal discomfort caused by air insuffla-
tions due to its rapid absorption in the colonic lumen [1e3].
The safety of CO2 insufflation in sedated patients for
diagnostic colonoscopy has also been demonstrated [4].
Additionally, its use in therapeutic colonoscopy for proce-
dures, such as endoscopic submucosal dissection has
resulted in a lower perforation rate than air insufflation [5].
Its application in other endoscopic examinations, such as
endoscopic retrograde cholangiopancreatography and
double-balloon enteroscopy could result in reduced post-
procedural abdominal pain and deeper intubation depth,
respectively [6,7]. However, CO2 insufflation in colonoscopy
is still not a standard procedure despite many published
reports. Moreover, questions regarding how and when to
use CO2 to reduce the postprocedural abdominal pain still
requires clarification and standardization. Problems that
arose with CO2 insufflation, such as extra cost, equipment
and air pollution by CO2 emission, would be obstacles for its
widespread usage. Earlier studies showed that the reason
for uncommon usage of CO2 insufflation was the lack of
standard CO2 delivery equipment [1,2]. However, CO2
insufflation for colonoscopy is still not widely used, even
though the CO2 delivery units have been commercially
available for several years. We think the cost is still a major
concern because the burden of colonoscopy is very heavy.
The accumulation of cost after widespread use of CO2
insufflation will be high despite the fact that a single CO2
cylinder is inexpensive.
Colonoscopies have unique characteristics that are
different from other endoscopies because the main
inspection, which requires more gas insufflation, mainly
occurs at withdrawal. All previous studies used CO2 during
scope insertion and withdrawal. In this study, we insuf-
flated CO2 merely at withdrawal and hypothesized that CO2
insufflation for withdrawal of the colonoscope could also
reduce postprocedural abdominal discomfort.
Patients and methods
A prospective, single blind, randomized, controlled study
was conducted from May 2009 to August 2009. Symptomatic
patients with indications for colonoscopy were enrolled.
The criteria for exclusion from the study were: (1) those
with age <18 or >75; (2) status post right or left hemi-
colectomy; (3) patients scheduled for therapeutic colono-
scopy, such as polyp removal and lower gastrointestinal
bleeding; (4) patients known to have severe cardiopulmo-
nary disease; and (5) patients with poor verbal communi-
cation. Informed consents were obtained before each
procedure. The local institutional review board approved
this study.
Symptomatic patients subjected to colonoscopy were
randomized in three groups: (1) patients given air insuf-
flation (A); (2) patients given CO2 insufflation only at the
time of scope withdrawal (CW); and (3) patients given the
CO2 insufflation (C) for the whole course of colonoscopy.
One 20 mg dose of butylscopolamin was given intramuscu-
larly for every patient as premedication, except onepatient with a history of glaucoma in C group. All colonos-
copies were performed under an unsedated state. Patients
who were unable to complete the whole colonoscopy were
excluded from analysis. The light source and imaging
process system used were Olympus Lucera EVIS CV-260NBI
and CV-260SL, respectively (Olympus, Optical Co., Ltd.,
Tokyo, Japan). The video colonoscopes were Olympus
CF-240AI or Olympus CF-Q260AI (Olympus, Optical Co.,
Ltd., Tokyo, Japan).
The airflow pressure level was set to “high” on the light
source machine for all cases using air insufflation. A CO2
cylinder was used as the source of CO2. It was attached to
an Olympus UCR Insufflation Unit (Olympus, Optical Co.,
Ltd., Tokyo, Japan) CO2 regulator. The regulator flow rate
was controlled by a gas tube connected between the water
container and CO2 gas outlet on the front panel of the
regulator unit. The gas tube, MAJ-1741, which had a flow
rate approximately equivalent to “high” air pressure
setting on the light source machine was employed.
In group (A), the CO2 delivery device was turned off and
the air button on the light source machine was turned on
during the whole procedure, as during a typical colono-
scopy. In contrast, the CO2 delivery device was turned on
accompanied by the switching off of the air button on the
light source machine when colonoscopies were being per-
formed in group (C). In the (CW) group, the gas supply
during insertion was identical to that supplied to group (A)
group and the same to that supplied to group (C) during
scope withdrawal. Change of the type of gas supplied
occurred when the scope reached the cecum, i.e., the time
the observation of the pathologic changes started. Gas
shifting was carried out by pressing the buttons on the CO2
regulator unit and the light source machine. A shield was
placed between the instruments and patient so that the
patients were blind to the type of gas insufflation, but not
to the colonoscopist. All colonoscopies were performed by
a competent colonoscopist (>1500 cases).
After completion of the procedures, patients were asked
to answer a questionnaire that used a numeric rating scale
to assess pain. The pain score was graded from 0 (no
discomfort) to 10 (extremely painful, fully intolerable).
Patients were requested to select the pain score according
to the pain severity they experienced during, at the end of
and 1 h after the colonoscopy. “The end of the colono-
scopy” was defined as the point in time when patients
finished changing their clothing and were listening to the
report by the examiner. “One hour after the colonoscopy”
was defined as 1 h after “the end of the colonoscopy”.
Patients were also requested to provide the time, in hours,
needed to return to an ordinary state, namely, 1 h,
between 1 h and 2 h, between 2 h and 3 h or longer than
3 h. After the explanation, patients were requested to bring
their completed questionnaires back to the investigators at
the time of the next follow-up visit or to answer the
questionnaires by telephone at least 6 h after the
colonoscopy.Statistics
The demographic characteristics of patients were analyzed
by ANOVA, except for gender, which was analyzed by
Table 1 Patients characteristics and features of the endoscopic procedure in the A, C and CW groups.
A C CW p value
No of patients (n) 33 34 33
Gender (M/F) 19/14 20/14 23/10 0.535
Age (y), mean  SD 48.8  11.3 47.9  14.3 47.7  14.0 0.937
Polyp detected pts n (%) 10 (30.3) 11 (32.4) 10 (30.3) 0.978
Time (s), mean  SD
Insertion 307.8  133.9 324.8  164.9 341.7  159.3 0.676
Withdrawal 522.0  168.7 553.8  283.7 616.2  387.9 0.419
A Z Air insufflation; C Z CO2 insufflation; CW Z CO2 insufflation withdrawal only.
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among the three groups was analyzed by ANOVA. Large
standard deviation of numerical pain score may result from
smaller sample size. These data were not in normal distri-
bution after analyzed by Kolmogorov-Smirnov test. There-
fore, Mann-Whitney U test was performed for further
subgroup analysis. Logistic regression was used to estimate
how many hours were needed for complete remission of
pain in each group. Statistical analysis was conducted by
PASW Statistics version 18.0 for Windows. A p value < 0.05
was defined as the level of statistical significance.
Results
In total, 104 patients were enrolled in this study over a 3
month period. One patient from group (A) and one from
group (C) were excluded due to incomplete intubation. In
those who completed the colonoscopy, one patient each in
the (A) and the (CW) groups, respectively, failed to return
their questionnaires. In the end, data from 100 patients was
analyzed in this study.
There was no significant difference in the age and the
gender ratios. No statistical significance was noted among
the three groups for insertion time (pZ 0.676), withdrawal
time (pZ 0.419), and the polyp detection rate (pZ 0.978)
(Table 1).
The numeric pain rating scale did not reveal discrep-
ancies among the three groups during the colonoscopy
(p Z 0.957). Differences in pain were observed at the end
of the procedure and 1 h after the procedure (p Z 0.026;
p < 0.001) (Table 2). Further pairwise comparisons between
the three groups showed significant pain relief between
groups (A) and (CW) at the end of (pZ 0.012) and 1 h after
(pZ 0.001) the procedure. Comparison between groups (A)
and (C) also showed a difference 1 h after the procedure
(p < 0.001), although no statistical significance was
observed at the end of the procedure (p Z 0.072). NoTable 2 Mean pain score in the A, C and CW groups at differen
A
During CS 4.55  1.98 4.6
On the end of CS 3.59  2.49 2.4
1 hour after CS 2.68  2.47 0.6
A Z Air insufflation; C Z CO2 insufflation; CS Z Colonoscopy; CW
mean  SD.difference was noted between groups (C) and (CW)
regardless of comparison at the end of (p Z 0.555) or 1 h
after the procedure (pZ 0.491) (Table 3). When compared
with group (A), more patients in groups (C) (Odds ratio:
6.429; 95% CI: 2.103e19.655, p Z 0.001) and (CW) (Odds
ratio: 6.923; 95% CI: 2.243e21.367, pZ 0.001) returned to
an ordinary state (pain score Z 0) within 1 h.Discussion
The results of our study, not surprisingly, reconfirmed the
effectiveness of CO2 insufflation in resolving postcolono-
scopy abdominal discomfort. Moreover, the effect of CO2
insufflation at withdrawal alone was comparable to that of
full-course CO2 insufflation.
All endoscopies include the insertion and withdrawal of
the endoscope. Generally, insertion is not considered as
difficult process. For colonoscopies, however, the most
uncomfortable time for patients and the most difficult time
for colonoscopists occurs during insertion. Several maneu-
vers were introduced to reduce patient discomfort and
insertion difficulty [8]. Colonoscopists should use as little
air insufflation as possible during the insertion of the scope.
Too much insufflation at insertion may lengthen the colon,
form the loops and increase the time taken to reach the
cecum. Thus, insertion time is used as an index to evaluate
the competence of colonoscopists [9e11]. In contrast, the
observation and management of colonic lesions occurs at
withdrawal. Recent literature had proposed that with-
drawal must last for at least 6 min to increase the adenoma
detection rate [12]. Enough insufflation is essential for
good visualization in the detection and management of
adenomas. Therefore, the main period of insufflation
should be at scope withdrawal. Generally, the amount of
gas insufflation at withdrawal will be much more than that
at insertion.t time points.
C CW p value
9  2.34 4.56  2.32 0.957
3  1.83 2.26  2.07 0.026
2  1.07 1.02  1.78 <0.001
Z CO2 insufflation withdrawal only. Data presented as score,
Table 3 Subgroup pairwise analysis of pain score at each time interval.
A/W p value A/C p value C/CW p value
During CS 4.55/4.56 0.907 4.55/4.69 0.800 4.69/4.56 0.733
On the end of CS 3.59/2.26 0.012 3.59/2.43 0.072 2.43/2.26 0.555
1 hour after CS 2.68/1.02 0.001 2.68/0.62 <0.001 0.62/1.02 0.491
A/CW Z A versus CW; A/C Z A versus C; C/CW Z C versus CW.
AZ Air insufflation; CZ CO2 insufflation; CSZ colonoscopy; CWZ CO2 insufflation withdrawal only. Data presented as pain score from
0 to 10.
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adhered to, insufflating CO2 at withdrawal can have the
same effect on postprocedural pain reduction as full-course
insufflation. This may help resolve some of the problems,
such as air pollution and extra cost associated with CO2
insufflation. When the video endoscope system is con-
nected to the CO2 regulator unit and initiates CO2 supply,
the CO2 will continually be transported out of the CO2
cylinder. If the air/water valve is plugged, CO2 is emitted
into the intestinal lumen; otherwise if the valve is not
plugged, CO2 is emitted into the endoscopy room. Some CO2
regulator manufacturers claim that their products have an
auto down-regulation function when not in insufflation;
however, this claim needs further confirmation (7). Our
result has already provided evidence that support limiting
CO2 insufflation to the withdrawal of the colonoscope. In
addition to reducing CO2 emissions in the endoscopy room,
such methods may prolong the use of each CO2 gas cylinder
and further reduce the cost. Future studies concerning the
economical feasibility of CO2 insufflation could be per-
formed on the basis of our results.
The colonoscopies of this study were all performed
under an unsedated state. The pain score results during the
procedure revealed that the type of gas insufflation was not
associated with intraprocedural abdominal discomfort.
Therefore, CO2 insufflation should not be a method to
reduce insertion discomfort during colonoscopy. There is
a concern that the absorptive nature of CO2 may result in
less luminal distention and reduced polyp detection rate. In
our study, the rate of polyp detection was not significantly
different among the three groups. Besides, the polyp
detection rate of this study was around 30% which was
lower than usual. Younger age population and usage of less
effective bowel purgatives may contribute to fewer polyp
detection rates.
Previous studies showed that the technique used by
colonoscopists significantly affected difference in colono-
scopy outcomes, such as polyp detection rate [13,14].
A study evaluating CO2 insufflation showed that it was
helpful to the inexperienced colonoscopists dealing with
difficult cases, but not to the experienced colonoscopists
[15]. The colonoscopies in our study were all performed by
a single competent colonoscopist. Further investigations
must be conducted to check whether the use of CO2
insufflation at withdrawal alone may be helpful to the
trainee colonoscopists.
In conclusion, our study revealed that insufflation of CO2
at the withdrawal of the colonoscope alone reduced the
patient’s postprocedural abdominal discomfort. Moreover,the pain reduction effect was comparable to that of full-
course CO2 insufflation.
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